Experiments were conducted on developing fruitlet explants of two mango (Mangifera indica L.) cultivars to establish the source and dynamics of ethylene production prior to and during fruitlet abscission. Abscission of all fruits in the samples occurred at approximately 86 and 74 hours postharvest in 'Keitt' and 'Tommy Atkins,' respectively. Increased abscission began 26 hours from harvest and was preceded by enhanced ethylene synthesis. Enhanced ethylene production initiated approximately 48 hours prior to abscission and increased to a maximum near the time of fruitlet abscission. The seed produced the highest amount of ethylene on a per gram fresh weight basis. The pericarp, however, was the main source of ethylene on an absolute basis, since it represented more than 85% of total fruitlet weight. Pedicels containing the abscission zone produced no detectable ethylene prior to or at the moment of abscission. Fumigation of 'Tommy Atkins' fruitlets with 1, 15, or 100 microliters per liter ethylene accelerated abscission by 24 to 36 hours in comparison with unfumigated controls. Diffusion of ethylene from distal fruitlet tissues to the abscission zone triggers the events leading to separation of the fruit from the tree.
Shedding of immature fruits occurs in many mango cultivars (11, 12, 17, 18, 19) . Abscission occurs at all stages of fruit development but is particularly high during the first 3 to 4 weeks after pollination (12, 14) . Fruit drop at these early stages can account for over 90% loss of originally set fruitlets (6, 12) , and has been associated with ovular and embryonic degenerations which hinder normal fruit development (13) . Factors involved in abscission of apparently normal fruit have not been elucidated. Anatomical studies revealed that the abscission zone in mango fruit is formed in the pedicel at the flower initiation stage and is composed of irregular rows of small meristematic cells (13) .
The notion that ethylene is involved in abscission of most plant organs is well established (9) . Furthermore, evidence exists to indicate that ethylene is capable of inducing preabscission changes in fruit as well as strongly accelerating fruit abscission (2, 8) . The suggestion that ethylene is involved in abscission of young mango fruit has been made on the basis that abscised fruit produced significantly higher amounts than did normally devel- oping fruit (16) . Ethylene has also been implicated in abscission of other subtropical fruit (3); however, further studies are required to evaluate the relationships between ethylene biosynthesis and fruitlet abscission of mango.
The paucity of research on the physiology of mango fruit abscission led to the present study. As part of an ongoing project to study the mechanism of fruitlet abscission (6), our objectives were to identify those fruitlet tissues producing ethylene, describe the dynamics of ethylene production, and elucidate the role of ethylene biosynthesis in abscission of immature mango fruit.
MATERIALS AND METHODS Ethylene Production. Fruitlets from two commercially important mango cultivars, Keitt and Tommy Atkins, were collected from a commercial orchard in Homestead, FL, during spring of 1983. Fruitlet explants were individually excised and taken to the laboratory within 2 h from collection. Each explant was composed of the developing, immature fruit weighing between 32 and 65 g, the pedicel (3-5 mm in length), abscission zone, and peduncle (5-7 cm in length). The stem ends of groups of 10 to 15 explants were placed in 100 ml Erlenmeyer flasks containing water and were enclosed in two 60-L plexiglass chambers supplied with 60 L/h humid air as previously described (6) . Ethylene was collected from individual fruitlet explants every 12 h by enclosing them for 1 h in 50 ml beakers sealed with Saran film. The film did not produce ethylene and was also impermeable to it. Gas samples were extracted from the sealed beakers with a l-ml gas-tight syringe and analyzed by GC using a Varian, model 3700 Gas Chromatograph equipped with a 2 m x 3 mm stainless steel, 60/80 mesh alumina column and a flame ionization detector. A random sample of 15 explants was removed from the chambers every 12 h and dissected into three tissue types: pedicel-peduncle (approximately 1 cm in length and containing the abscission zone), seed, and pericarp (composed of the entire endocarp, mesocarp and exocarp). Upon dissection, the 15 tissues of each type were divided to form five experimental units, each composed of tissues from three explants. Tissues forming each experimental unit were weighed, enclosed in 100-ml glass beakers, and assayed for ethylene production as described above. Preliminary trials conducted to evaluate woundethylene production determined that a 1-h enclosure period at the beginning of each 12-h period was appropriate to monitor basal ethylene production (7). New explants were dissected for analysis at each subsequent 12-h period.
Ethylene production rates are expressed as nl/g-h and as nl/h, to estimate synthesis on a unit weight basis and absolute production, respectively. Abscission rates are expressed as the percentage of abscised fruitlets from the original population, and were recorded simultaneously every 12 h. Fruitlet abscission was determined by checking the abscission zone strength by a gentle and uniform tug on each fruitlet. Some fruitlets achieved sepa-NUNEZ-ELISEA AND DAVENPORT ration but remained slightly adhered due to the sticky latex secretion at the abscission zone (4 (Fig. 1) . Ethylene production was substantially higher in 'Keitt' than in 'Tommy Atkins' explants.
On an absolute basis, maximum synthesis in 'Keitt' fruitlets occurred at 50 h, reaching nearly 140 nl/h, while 'Tommy Atkins' fruitlets reached their peak production, 35 nl/, 74 h after collection. Ethylene production on a per unit weight basis was also higher in 'Keitt' fruitlets, which peaked at 50 h with 4.4 nl/ g h, while 'Tommy Atkins' fruitlets reached their highest level, 1.6 nl/g h, at 74 h. Ethylene production prior to abscission appeared as gradual but variable increments at each sampling period (Fig. 1) (Fig. 2) by transforming the mean production rates into mean relative rates based upon maximum production by individual fruitlets (postharvest). A second curve in this figure represents these relative production rates during the time prior to abscission of individual fruitlets rather than time from harvest (preabscission). Ethylene synthesis levels were derived from the nl/h value for each fruitlet; however, a similar transformation using the nl/g-h values rendered an almost identical trend. Ethylene Biosynthesis by Fruitlet Tissues. The dynamics of ethylene production by the pericarp, seed, and pedicel-peduncle (abscission zone) of fruitlets ofboth cultivars was compared (Fig.  3) . The pericarp of each fruitlet synthesized most of the ethylene produced from both cultivars at all sampling times. At 48 h prior to abscission of 100% ofthe fruitlets, when abscission rates were below 5% in both cultivars, pericarps were producing substantially more ethylene than seeds and pedicels combined. At 
